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Overview

Updates coming with ROOT 6.12:

» TBufferMerger optimizations

» ROOT I/0 performance improvements

e Concurrency of ROOT I/0

e Optimization of TTree::Fill()
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Benchmark:
TBufferMerger
with Random Data

Fill a tree with one branch
with random numbers

Synthetic benchmark that
exacerbates the role of I/0
by doing only lighweight
computations

Create ~1GB of data and

write out to different media
(SSD and DRAM)

Quad core laptop
Intel® Core i7 4710HQ
(2.5GHz, 6M cache)
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TBufferMerger Optimizations

» Output thread doing lots of work (compression)

e Solution: add a setting for controlling auto-save point
e Avoids creating too many TTree headers, which require compression

> Need a way to control queue size or rate-limit
e Solution: add a non-blocking callback mechanism to TBufferMerger
e Lets user decide when to create more data-producing tasks
by registering a function that gets called everytime a buffer is
removed from the merging queue

e Add functions that lets user query the size of the queue
e Auto-save forces flush to disk, which also avoids increases in memory



TBufferMerger Optimizations

Output thread compression with small and large auto-save

Process / Module / Function / Call Stack

CPU Time v

Effective Time by Utilization L

Blde @Poor [ Ok @ideal [ Over

w random-tbm

1.750s | @D  —]

v libc.so.6 0.709s |@0 CEEEED
v func@0x13#450 0.679s |90 D
» = memcpy — TMemFile::SysF « TFile:F « TFile:F « TFileC: ad::F +« TFileC: ad:F « TBasket:1 « TTreeCloner:! « TTreeCloner:E 0.337s |) (D
» = memcpy — TMempFile::SysWritelmpl — TMemFile:TMemFile — ROOT::E il T WriteC ile — func@0xe0dd0 — start_thread — clone 0.207s |00
» = memcpy «— TFileC ad::F « TFileC: ad::F « TBasket:L «— TTreeCloner:Wril « TTreeCloner:Exec — TTree::CopyEntries — TTree:Merge «— TFileMerger:MergeRec| 0.135s |@
» func@ox81232 0.010s |
» unlink 0.010s |
» func@0x138c0 0.010s |
v libz.so.1 0.439s N EID
v deflate 0429
~ R__zipMultipleAlgorithm « TKey: TKey « TFile::CreateKey «+ TDirectoryFile::WriteTObject «+— TObject:Write +— TFileMerger:MergeRecursive + TFileMerger::PartialMerge « ROOT::Experimental::TBufferMerger:WriteOutputFile + func( 0.428s @
p inflate 0.070s
» libpthread.s0.0 | 03005 jomm
CPU Time: Difference ¥ « CPU Time: r005hs CPU Time: r003hs «
P ! Module / Function / Thread / Call -
TOESER LR (o ol e - L Effective Time by Utilization Effective Time by Utilization 7| Module Function (Full)
Qidle B Poor [ Ok MBldeal @ Over Bidle @Poor [ Ok MBldeal @ Over
w random-tbm 18.349ms | 18.349ms §
w libz.s0.1 18.349ms | 18.349ms @
v deflate 18.349ms | 18.349ms @ libz.s0.1 deflate
» func@0xe0ddo (TID: 20642) | 18.349ms I 18.349ms § libz.s0.1 deflate
* random-tbm -462.896ms D 462.896ms D' & )
w libz.s0.1 -162.896ms (D 462.896ms D' g
v deflate -462.896ms D 462.896ms D' S libz.so0.1 deflate
» func@0xe0ddo (TID: 26513) | -462.896ms (D 462.896ms D S libz.so.1 deflate




Before: many queries to type system — many useless waits

TDirectory: :RegisterContext()
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No more type system queries, only one wait per thread

Sync Object/ Function  Call Stack T PR reRAL Wait Count ‘ Modle ‘ Object Type ‘ Function (Ful) ‘ ‘”
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v _ZN10TLockGuardC4EP13TVirtualMutex 08% 1 libRIO.s0 Mutex _ZN10TLockGuardC4EP13TVirtualMutex
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» _ZN10TLockGuardC4EP13TVirtualMutex 03% | 3libCoreso  Mutex _ZN10TLockGuardC4EP13TVirtualMutex
» _ZN10TLockGuardC4EP13TVirtualMutex 03% | 1 libCoreso  Mutex _ZN10TLockGuardCAEP13TVirtualMutex
» _ZN10TLockGuardC4EP13TVirtualMutex 02% | 2 libRIO.so Mutex _ZN10TLockGuardC4EP13TVirtualMutex
» _ZN10TLockGuardC4EP13TVirtualMutex 01% | 1 libCoreso  Mutex _ZN10TLockGuardC4EP13TVirtualMutex
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No more type system queries, only one wait per thread

Wait Time by Thread Concurrency ¥
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» ~ ROOT:Experimental:TBufferMergerFile:Write | 0.8% 1 libRIO.so Mutex ROO i 1T i const!, int, int)
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» _ZN10TLockGuardC4EP13TVirtualMutex 0.3% | 1 libCore.so  Mutex _ZN10TLockGuardC4EP13TVirtualMutex
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Optimization of TTree::Fill()

Divisions take up many CPU cycles for useless wor

CPU Time: Total #4
Si'l‘;ge - Source Effective Time by Utilization 2]
[idle MPoor [Hok Wideal WOver
4,446 ++fEntries; 1.1%
4,447 if (fEntries > fMaxEntries) { 0.1%]
4,448 KeepCircular();
2,449 ¥
4,450 if (gDebug > 0) Info("TTree::Fill", " - A: %d %lld %lld %lld %lld %lld %lid \n", 0.3% [
4451 nbytes, fEntries, fAutoFlush,fAutoSave, GetZipBytes(),fFlushedBytes, fSavedBytes);
4452
4453 if (fAutoFlush 1= 0 || fAutoSave I= 0) { 0.2%f]
4454 // Is it time to flush or autosave baskets?
4455 if (fFlushedBytes == 0) { 0.4%[]
4,456 // Decision can be based initially either on the number of bytes
4,457 // or the number of entries written.

4,458 Long64_t zipBytes = GetZipBytes(); 0.7% ]
if ((fAutoFlush<0 && zipBytes > -fAutoFlush) || )
(fAutoSave <0 && zipBytes > -fAutoSave ) ||

(FAutoFlush>0 && fEntries%TMath: :Max((Long64_t)1,fAutoFlush) == 0) ||
(fAutoSave >0 8& fEntries%TMath::Max((Long64_t)1,fAutoSave) == 0)) {

4,464 //First call FlushBasket to make sure that fTotBytes is up to date.

4,465 FlushBaskets();
4,466 OptimizeBaskets(GetTotBytes(),1,"");

2,467 if (gDebug > 0) Info("TTree::Fill","OptimizeBaskets called at entry %Ild, fZipBytes=%lld, fF " fEntries, GetZipBytes(), fFlushedBytes);
4,468 fFlushedBytes = GetZipBytes();

4,469 fAutoFlush = fEntries; // Use test on entries rather than bytes

4,470

247 // subsequently in run

4,472 if (fAutoSave < 0) {

4473 // Set fAutoSave to the largest integer multiple of

4,474 // fAutoFlush events such that fAutoSave*fFlushedBytes

4475 // < (minus the input value of fAutoSave)

4,476 Long64_t totBytes = GetTotBytes();

2477 if (zipBytes 1= 0) {

4,478 fAutoSave = TMath::Max( fAutoFlush, fEntries*((-fAutoSave/zipBytes)/fEntries));
2479 } else if (totBytes 1= 0) {

4,480 fAutoSave = TMath::Max( fAutoFlush, fEntries*((-fAutoSave/totBytes)/fEntries));
4,481 } else {

4,482 TBufferFile b(TBuffer: :kWrite, 10000);

4,483 TTree::Class()->WriteBuffer(b, (TTree*) this);

4,484 Long64_t total = b.Length();

4,485 fAutoSave = TMath::Max( , fEntries*((-fAu )/fEntries));
4,486 b

4,487 } else if(fAutoSave > 0) {

4,488 fAutoSave = fAutoFlush*(fAutoSave/fAutoFlush); 1 2



Optimization of TTree::Fill()

CPU Time: Difference ¥/« CPU Time: r010ge 3 CPU Time: r011ge «
Module / Function f Call Stack ! 2, Effective Time by Utilization D Effective Time by Utilization »!| CPI Rate: Difference CPI Rate: r010ge CPI Rate: r011ge
Effectve Ttio idle @Poor Ok @Ideal @ Over idie @ Poor deal @ Over
¥ libTree.so 5.378s 18.586s (NN )| 13.208s D | 0.228 0.515
| » TTreeuFill 978 0.4 G ) 0.725
p std:unique_ptr<ROOT::Experimental::T TaskGroup, std::default_delete, 0.073s 0.077s 0.004s 1615 2615 1.000
p TBranch::GetBasket 0.025s 1.293s @0 1.268s @ 0.012 0.395 0.383
p TBufferFile::GetMapCount 0.007s 0.071s | 0.064s | 0.001 0.357 0.356
p TBuffer:Length 0.005s 0.016s 0.011s 0.398 0.621 0.222
p TBranch:GetFile 0.001s 0.002s 0.001s 0.000 0.000
p TBuffer:Length -0.006s 0.017s 0.023s -0.206 0.485 0.690
p TLeaf:GetLen -0.011s 0.211s || 0.221s | 0.007 0.382 0.375
» func@0x6déal -0.012s 0.067s | 0.079s | -102.000 102.000
p func@0x6ad60 -0.013s 0.008s 0.021s 0.220 0.462 0.241
p TBasket:Update -0.019s 0.129s | 0.148s | 0.059 0.475 0.416
p TBranch::UpdateAddress -0.019s 0.128s | 0.145s | 1.182 3.829 2.636
p TObjArray::GetEntriesFast -0.023s 0.069s | 0.092s | 13.333 44.000 30.667
p TFile:GetEND -0.032s 0.062s | 0.094s | 2.858 3.292 0434
p TTree:GetZipBytes -0.054s 0.017s 0.071s | 0.407 1.040 0.633
» TLeafD:FillBasket -0.071s 0915s B 0.986s @ -0.125 0445 0.570
» TBranch:Filllmpl -0.112s 3.257s EEEW 3.369s D -0.013 0.456 0.469
» TBranch::FillLeavesimpl -0.151s | 1.090s @I 1241s @ -0.049 0.405 0.454
» TBasket:Update -0.189s | 0.703s @ 0.892s § 0.525 1.344 0.819
p libRIO.so 0.032s 2771s @D 2740s @D 0.045 0.754 0.709
p libz.so.1.2.11 0.005s 0.050s | 0.045s | 0.486 1.355 0.868
» libpthread-2.25.s0 0Os Os Os -1.000 1.500 2.500
p 1d-2.25.50 0.000s 0.023s 0.023s -0.208 0.950 1.158
p libThread.so 0.000s 0.003s 0.003s
j S0 0.

Process / Module / Function / Thread / Call Stack

Clockticks: r010ge ‘ Clockticks: r011ge

Instructions Retired: r010ge

o]
Instructions Retired: r011ge

CPI Rate: r010ge

CPI Rate: r011ge

Bad Speculation: r010ge *

Bad Speculation: r011ge *

w random-tbm
¥ libTree.so

» TTree:Fill
¥ random-tbm
w libTree.so

» TTree:Fill

38,855,200,000

38,855,200,000

38,855,200,000
16,928,600,000
16,928,600,000
16,928,600,000

30,209,000,000
30,209,000,000
30,209,000,000

1.286
1.286
1.286

30,141,000,000

30,141,000,000

30,141,000,000

0.562
0.562
0.562

15.4%
15.4%
15.4%

9.7%
9.7%
9.7%
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Bottomline

» ROOQOT continues to parallelise its I/0 subsystem
e Focus not only on experiments’ data processing, but also on analysis

» Parallel writing to single output file via TBufferMerger

e Leveraged by TDataFrame already with snapshot action
e Good performance, can saturate an SSD

Changes already in master for ROOT 6.12 release:

Optimised TTree: : Fill() function avoids divisions
Optimised parallel merging with TBufferMerger

Output thread no longer does excessive compression work
Callback function allows seamless framework integration

vV v v Vv
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Questions?



